Abstract: Industry is continuously evolving, reflecting changes in society. An important aspect of this evolution concerns how new digital technologies are used and their effects on innovation and sustainability. Thus, the relationship between university, industry, and government grows stronger, shifting the focus on technology transfer processes from university to industry, at local and national levels. To increase our understanding of how these processes take place, more theoretical and empirical research is required. This paper aims to respond to this call by examining the university technology transfer through a co-evolutionary approach. The study analyses the dynamics of the relationships at different organisational levels within universities able to create sustainability-oriented innovative university spin-offs and start-ups, through the Italian National Innovation Award case. The findings show that the creation of these spin-offs and start-ups are the result of effective multi-level co-evolutionary adaptations within universities, and among university, industry and government. The article contributes to the further understanding of the management of technology transfer by combining some elements from the literature about the co-evolution of social organisations and their environment with some elements from the Triple Helix model of innovation. Moreover, both theoretical and managerial implications emerge, together with suggestions for future research.
Introduction
Over the last few years, emerging technological breakthroughs-such as artificial intelligence, advanced robotics, the Internet of Things and big data-have triggered the development of the Fourth Industrial Revolution [1] , also referred to as "Industry 4.0." Still in its early stages, this new industrial wave is the result of processes that were started years ago and are now deeply affecting firms spanning different industries, transforming their business models, including processes and mechanisms of innovation and governance, structures and roles, system of relations, and firms' boundaries [2] [3] [4] [5] .
In particular, the term "Industry 4.0" was first mentioned in 2011 at the Hanover trade fair and adopted in 2012 by the German government in the "High-Tech Strategy 2020" action plan in relation to the project aimed at developing advanced technologies in the manufacturing sector [6] . Since then, the term has been associated to a wide range of concepts and to various definitions. However, most academic researchers refer to the integration of emerging digital and virtual technologies into manufacturing that enable "manufacturers to harness entirely digitised, connected, smart, and decentralised value chains" [7] (p. 2) as a key aspect of Industry 4.0. Thus, some main aspects emerge that are relevant for this work and that have implications for the university-industry linkage. Firstly, production systems are highly integrated horizontally and vertically and incorporate customer requirements through the real-time data interactions with flexible manufacturing systems as well as the integration of information technology systems into the hierarchy of organisations [5, 6, 8] . Therefore, the relationship between firms and their market results more focused on the users' needs as well as on product personalisation, quality and flexibility, generating new business models. In fact, digital technologies influence decision-making processes, activating multiple evolutionary path of the organisations also of small and medium size (i.e., SME) [4] . Secondly, firms tend to use integrated platforms according to the logic of open innovation that emphasizes organisational factors, such as networks to access information, professional resources, skills and external research results to be exploited in their business models [5] . This implies a higher degree of openness and integration with the external environment and the creation of highly collaborative environments within firms [2] . Thus, stakeholders-and related relationships-change, while at the same time boundaries between firms become increasingly blurred and discontinuities increase [1] . Thirdly, the application of innovations pertaining to Industry 4.0 "has brought, and will continue to bring, profound changes in the global economy on variables such as [...] growth, [and] employment" [5] (p. 2), especially in terms of new skills and competencies [1] . These last, particularly, result increasingly oriented towards data sharing, holistic understanding of demand, and interdisciplinarity [9] .
Overall, the issue of sustainability in the context of Industry 4.0 emerges, receiving growing attention from researchers and practitioners. However, this debate is still at an early stage [7, 10] where the role of university is yet to be confirmed.
A significant contribution is offered by the holistic vision of sustainability according to the Triple Bottom Line proposed by Elkington [11] especially in relation to the opportunities and challenges in terms of economic, social, and environmental development resulting from digital transformation of industry. According to Elkington [11] , sustainability is decomposed into three interdependent dimensions, namely economic prosperity, social justice, and environmental quality, that are able to determine development conditions by interacting with each other. Thus, the realisation of the sustainability objective can be achieved only by jointly taking into account all the three aforementioned dimensions. Industry 4.0 technologies can positively affect the economy, society, and the environment [7] in terms, for example, of firms' productivity and efficiency [4] , quality of people's lives [12, 13] , and environmentally sustainable production and consumption systems [10] . In particular, de Sousa et al. [10] highlight multiple critical factors (e.g., leadership style, organisational culture and practices, flexibility, employees' skills, decisional autonomy, responsibility, cultural and social characteristic of regional and national contexts) able to orient the system of production and consumption towards more environmental sustainability. However, digital transformation can lose its potential to give rise to sustainability-oriented development if not governed and managed jointly considering the requests coming from the above-cited three dimensions according to a holistic view of sustainability. Particularly, various challenges are referred to income inequality, ethical dilemmas, cybersecurity, hacking, existing work activities replacement [4, 13] . Regarding to this last point, some authors [13, 14] highlight that simple tasks will be further replaced, others (e.g., planning, monitoring and decision-making tasks) are likely to automated, and new job profiles are expected to emerge together with new requirements for training and education. However, only few authors have jointly addressed economic, social, and environmental implications of industrial value creation in the context of Industry 4.0 (e.g., [7] ). In fact, most academic studies have focused the three dimensions of sustainability separately without considering their mutual relations [5] , therefore generating the lack of a holistic view of sustainability, and then, of interlinked phenomena such as digital transformation.
Thus, digital transformation becomes itself a source of relationships and spatial interdependencies (local, national, and multi-national) able to promote sustainability and consequently competitiveness, assigning value to reciprocal relationship between policy makers and decision makers [13] . Therefore, all the actors involved in innovation processes are called to adopt a systemic approach according to a multi-stakeholder and a multi-level (i.e., micro, meso, macro) perspective [15] [16] [17] [18] . This means coordinating resources and taking synergic actions on the basis of shared knowledge and core values in order to seize the opportunities of the current digital transformation for social responsibility [19] [20] [21] . In this regard, the World Economic Forum [22] , states:
"An understanding and acceptance of shared human values is critical for a world facing challenges accelerated by increasing complexity and interconnectedness. [ . . . ] Technological developments and social change will impact the way people live, work and relate to one another. Companies operating in a sustainable and responsible manner are better placed to succeed in the long term. Moreover, global trade and investment must grow within a framework that encourages good practice both now and in years to come".
Thus, in the context of Industry 4.0 technological development is more dependent on how university, industry, and government (i.e., institutional arrangements), synergistically interact to foster innovation for sustainable growth [23] . Among these innovation actors, the university plays a critical role by generating and transferring the most important raw material-scientific knowledge-for economic and social growth through innovative entrepreneurial activities [24, 25] . Thus, it follows that the university has a potential role in orienting industry towards sustainability. Moreover, an effective transfer of this scientific knowledge-namely, technology transfer (TT)-from university to industry may be enhanced through government action with a variety of public policies and mechanisms of coordination, regulation and funding [26] .
An example of this action is the European Union's 10-year plan to make Europe "the most dynamic and competitive knowledge-based economy in the world capable of sustainable economic growth with more and better jobs and greater social cohesion" [27] . The fact that the expected results has not been reached so far [28, 29] highlights that effective interactions among the aforementioned actors are difficult to achieve.
Therefore, the interaction among the abovementioned innovation actors and its potential changes over time play a crucial role in shaping the content and direction of technological development, and have gained substantial interest in the literature since the impact of the Bayh Dole Act (1980) on the research mission of universities and the commercialisation of results. The relevance of these interactions in the commercialisation of research results has led some scholars (e.g., [24] ) to propose the Triple Helix model. This model identifies university, industry and government as relatively equal, independent and interacting institutional spheres whose increasing linkages facilitate TT from university to industry. The original model has been progressively developed [30] generating the "Sustainability Twin-Helix model" that balances development and sustainability [31, 32] . In this regard, some scholars (i.e., [33] ) reinterpret from a systemic perspective the dynamic of the three spheres of innovation identified by the Triple Helix model, highlighting that changes among them result from the interactions with economic, social, and environmental sustainability dimensions, according to the Triple Bottom line.
Thus, a relevant contribution of the Triple Helix model to the analysis of innovation lies in the holistic perspective of the interdependencies and mutual relationships among the spheres-specific actors that generate effective TT processes. However, there are calls to analyse more deeply the single sphere-specific level and "the way they influence the interaction dynamics" [34] (p. 242) by adopting a multi-level analysis [35] [36] [37] [38] [39] . It is therefore necessary to holistically capture the dynamic of the interactions within and among the above-mentioned innovation actors-and their variation over time-as well as their effects on different socioeconomic contexts (i.e., regions and countries). This is particularly useful for better understanding the role played by these spheres in relation to the dynamics of industry 4.0. In this regard, it is also important to consider the absorptive capacity [40] of this innovation actors and, consequently, their path dependence [41] .
In order to do so, the co-evolutionary approach to the study of the relationships between complex social organisations and their environment (e.g., [42] [43] [44] ) seems to perfectly achieve this goal. As a matter of fact, co-evolution is a multi-level concept, allowing joint consideration of the dynamics of the interdependencies from the micro to the macro level of a complex social organisation, as well as the interactions, influences, and connections of these organisations with the economic and social change [15] . In this vein, an important contribution is offered by the evolutionary economic geography (EEG) literature that focuses on the processes and mechanisms through which the spatial economy transforms itself over time [17] . This perspective implies the analysis of the interactions among different spatial levels (i.e., micro, meso, and macro), highlighting the relevance of local contexts in innovation processes (e.g., [16] ). Thus, co-evolution becomes a key concept to explain how to encourage change through synergies within and among university, industry, and government at multiple levels able to stimulate sustainability-oriented innovations, preserving their benefits over time [18] .
Positioned in this latest stream of research, the aim of this article is to contribute to filling the identified literature gap by focusing on the single sphere of the university in the context of Industry 4.0 and examining the university TT in promoting sustainable innovation through a co-evolutionary approach, that to the authors' knowledge, is still not adopted in the management studies on this topic. In order to do so, this study combines some of the most consolidated concepts from the management literature about co-evolution with some elements from the Triple Helix model of innovation. In fact, through the adoption of a co-evolutionary approach to examine the overall dynamics of Italian university TT, the article offers a conceptualisation of sustainability-oriented innovative university spin-offs (USOs) and start-ups (USUs) as a result of effective multi-level co-evolutionary adaptations within a university and among university, industry and government.
In particular, the following research questions are posed:
RQ (1): Is the evolution of university TT related to the evolution of industry and government? RQ(2): Why and how does the co-evolutionary approach explain the dynamics of university TT? RQ(3): How does university TT can promote sustainability-oriented innovative USOs and USUs?
The article aims to answer these questions by analysing, according to a co-evolutionary approach, the dynamics of the interdependencies and interactions among different organisational levels within the university, focusing on individual and group behaviours, organisational units and processes through the National Innovation Award. This case study is a business plan competition held in Italy at regional and national levels and promoted by the "Italian Association of University Incubators and Local Business Plan Competition" (i.e., PNICube). It is representative of university TT resulting from effective interactions at multiple levels within the university, and aimed at fostering local development through the creation of sustainability-oriented innovative USOs and USUs.
The paper is structured as follows. First, an in-depth description of the evolution of Italian university TT is provided, together with an analysis of the related literature (RQ1). The second part proposes an interpretative framework that helps to identify the relationships among the different levels within universities involved in TT and to capture the main determinants (i.e., mechanisms) of effective reciprocal adaptations among these levels and, consequently, of TT able of creating sustainability-oriented innovative USOs and USUs (RQ2 and RQ3). Substantially, the proposed framework argues that the co-evolutionary approach allows an understanding and explanation of the mutual relationships among different levels within a university, as well as their variations over time related to the influences of internal and external factors. In the third part, findings are gathered through the analysis of the dynamics of the National Innovation Award by adopting the proposed interpretative framework and focusing on individual and group behaviours, organisational units, and processes (RQ3). Finally, discussion, implications, and conclusions, with suggestions for future studies are presented. Overall, the study contributes to the further understanding of the management of the university TT and therefore of its role in the context of Industry 4.0 in promoting sustainability.
The Phenomenon of University TT in Italy: Evolution or Co-Evolution?
The concept of technology transfer (TT) became popular among academic researchers and policy-makers at the beginning of the 1980s and since then the expression "technology transfer" has been associated with a wide range of uses. For the purposes of this study, the authors opted to use the concept of TT defined by Roessner [45] and widely adopted in the literature (e.g., [46] [47] [48] ). According to Roessner [45] , TT is "the movement of know-how, technical knowledge, or technology from one organisational setting to another". Thus, transfer of technology takes place between a source and a recipient-respectively university and industry in this study-resulting in intentional and evolutionary dynamics based on the interactions among individual and group behaviours, organisational structures and processes involved (e.g., [49, 50] ).
Traditionally, a university contributes indirectly to TT through its consolidated missions of education and research aimed at: (i) providing highly qualified personnel to industry also through business ethics courses that can increase students' ability to be morally courageous in organisations [51, 52] ; (ii) producing and disseminating scientific knowledge through publications and conferences [53, 54] . However, over the past two decades the strategic role of universities in directly enhancing innovative entrepreneurial activities by exploiting and diffusing scientific knowledge through TT has increased. This has led to the institutionalisation of the third entrepreneurial mission of university able to potentially provide substantial revenues for universities [55, 56] , and to contribute to socioeconomic development at local and national levels [24] . Particularly, in the context of Industry 4.0, the high growth potential of research-based activities for competitiveness rewards those local and national contexts where research findings can be effectively used by firms to innovate [23] . Thus, the contribution of government to strengthen the links between university and industry by promoting the development of university TT for research-based innovation emerges. Moreover, it is worth noting that in this same context, the need of social and creative skills as well as of inter-discipline in education and research [1, 10] , also highlights the specific contribution that the first two traditional missions of universities can offer.
The debate around the topic of university TT in Italy comes from authors of different disciplines (e.g., industrial engineering, management, economic sciences) that adopt various approaches and concepts. However, the role played by the university in the context of Industry 4.0 in promoting sustainability is yet to be discovered. Moreover, other aspects are highlighted in relation to the object of this paper.
Firstly, multiple external and internal factors have been identified as able to favour (or limit) university TT development in Italy. These factors range from environmental/institutional (e.g., the dynamics of demand for innovation, technological progress and policies) [57, 58] , to industrial (e.g., industrial sector life cycle and related dimension, the dynamics of competition) [58] , and academic levels (e.g., entrepreneurial attitude, skills and individual characteristics) [59, 60] . In particular, the phenomenon emerged in the 1970s and mid 1980s as occasional attempts of pioneer researchers taken without the support of their universities and has intensified since 2000 following some specific national laws on university entrepreneurship, ownership of university patents, and autonomy of single universities [61] . These framework conditions have encouraged universities to design specialised TT organisational units (TTOUs)-such as TT offices (TTOs), incubators and science parks-specifically engaged in TT activities such as patenting, licensing, creation of research-based spin-offs and start-ups [54] . Recently, an institutional arrangement introduced in 2012 by the "Start-up Act" has further strengthened the links between universities and industry [62] , generating positive social and economic impacts on local communities [63] . In fact, this is the only framework that regulates innovative start-ups by establishing accurate requirements to determine their innovative character.
According to this law, a new start-up is considered innovative if one of the following three criteria is fulfilled: (i) at least 15% of company expenses are devoted to R&D activities; (ii) the total workforce includes PhD fellows and students for one-third of the total staff or, alternatively, Master's graduates for two-thirds; (iii) a registered patent is held, deposited or licensed or, alternatively, a registered software is owned or has been developed internally. In particular, innovative start-ups are eligible for inclusion in a special section of the Business Registry and for specific measure-such as tax credit on incremental research and development costs-that have been included also in the recently launched "Industry 4.0" national plan [63] .
The number of registered innovative start-ups at the Chamber of Commerce has grown rapidly since 2013 (Table 1) , and highlights a survival rate higher than 95% from 2014 onwards [64] . In fact, most of the exits from the special section of the Business Registry for innovative start-ups are related to the 5-year time limit set by the law for maintaining the status-and related benefits-of innovative start-ups. Moreover, the latest available data (June 2018) show that: (i) a high percentage of these start-ups (19.8%) has been created by entrepreneurs under 35 while those owned by female entrepreneurs lag behind at 13.6%; (ii) the majority of them (71.7%) provide services to other firms and particularly regarding ICT (32.9%), and R&D (13%); (iii) 55% of total innovative start-ups are distributed in northern Italy, 21% in central Italy, 17% in the South, and 7% in the Islands. Secondly, it is highlighted that university TT presents different patterns depending on place-specific characteristics (e.g., size of local firms and of economic sectors), and conditions including institutional arrangements [58] . Moreover, the creation of research-based spin-offs and start-ups has raised a growing interest among scholars as important contributors to the development of local economies that positively influence job creation (e.g., [66] ). In this respect, in Italy the creation of USOs has grown in intensity and importance since 2000 [64] , but is still "immature" as highlighted by Ramaciotti and Rizzo [67] (p. 502) on the basis of a report by the National Agency for the Evaluation of Universities and Research Institutes (ANVUR). In October 2017, the total number of USOs was 1373, and 72% of this amount results from spin-offs that have been formed since 2008 (Table 2 ). This survival rate has to be considered in relation to the mortality rate of newly established firms in their first 2/3 years, which ranges from 32% to 42% [68] . Most of these USOs provide services-particularly to innovation (26.4%)-rather than manufacturing products, and are located in northern Italy (47.3%); central and southern Italy host respectively a further 29% and 23.7% of USOs. Thirdly, the crucial role played by TTOs in transferring technology through specific organisational services, including business plan competitions, mentoring and business advisory services, is highlighted [69] . In this respect, the "Italian Network of Technology Transfer Offices of Universities and Public Research Organisations" (NetVal), that collects data on university TT in Italy, highlights that almost all universities (96%) have an internal TTO, and that 55.9% and 40.7% of them have an incubator and a science park, respectively. Moreover, some crucial factors that affect their performance are highlighted such as: the availability of financial and human resources as well as of skills and competencies; the degree of integration with departments; the inclusion in the network of relationships with, for example, science parks, business angels, venture capitalists, agencies specialised in TT; and the ability of researchers to develop innovative products [70, 71] . These factors highlight the existence of contradictions in the interactions within and among all the actors involved in TT.
Fourthly, the existing academic contributions on USOs and USUs do not provide a clear distinction between them. In this respect, Debackere and Veugelers [72] highlight that a limited number of studies compare USOs and USUs analysing their differences in terms of origin and growth patterns. Furthermore, the terms "spin-off" and "start-up" have been variously defined in literature. The term "spin-off" identifies "a new company that arises from a parent organization" [53] (p. 3), namely a university when USOs are considered [73] . However, various and heterogeneous definitions of USOs emerge from the literature that highlight "the status of individuals involved in the new business venturing process [and] the nature of knowledge transferred from university to the new venture" [73] (p. 358). This paper draws on the definition of USOs as "new entrepreneurial activities usually set up by professors, young researchers, PhD students, and generated within academic contexts" [25] (p. 331). This definition is consistent with that adopted by NetVal. Similarly, as various definitions of start-ups can be found in the literature, this study considers a start-up as a new company with a high character of innovation (see for example, [62] ) that meets the requirements set by Italian Law and that are adopted also by NetVal and PNICube.
In summary, analysis of the phenomenon highlights that the evolution of university TT is related to the dynamic of the interactions that take place between university, industry and government according to a circular dialectical relationship. This dynamic is necessarily co-evolutionary, i.e., changes to one of these actors cause variations in other actors involved. Moreover, this dynamic is influenced by multiple external (i.e., environmental/institutional or industrial) and internal factors (i.e., academic-specific). Therefore, university, industry and government are interdependent, with mutual influence, and sometimes their reciprocal relationships are contradictory, i.e., dialectic. This implies continuous effective adaptations among different levels within each single innovation actor, and then, unavoidable implications on the effectiveness of university TT and its contribution to sustainable development of economy and society.
Thus, to increase the understanding of university TT in promoting sustainability-oriented innovation (i.e., USOs and USUs) with positive effects on industry and interlinked needs of sustainability, the main problem that arises is how to grasp the influences able to favour (or limit) its positive evolution over time.
It is for this reason that, in the next section, this study proposes a co-evolutionary analysis of university TT, in order to capture the main determinants (i.e., mechanisms) of effective reciprocal adaptations among the different levels within universities involved in TT.
Interpreting University Technology Transfer: Towards a Co-Evolutionary Framework
The interpretative framework proposed in this section combines some of the most consolidated concepts from the management studies about co-evolution with some elements from the Triple Helix Model. In particular, the framework focuses on the university in order to propose a possible interpretation of sustainable-oriented innovative USUs and USOs as the result of continuous effective co-evolutionary multi-level adaptations.
In a knowledge-based society more and more digitally interconnected [1] , TT processes and the start-up of new firms are enhanced by the synergic interactions among multiple innovation actors. Moreover, the importance of knowledge based activities for competitiveness is particularly increasing in the context of the digital transformation [13, 42] , highlighting the crucial role played by universities in promoting innovation through USOs and USUs, and by government in enhancing university-industry linkage. This linkage requires to be understood in a holistic way and managed dynamically especially in order to promote employment through the development of skills for new jobs [11] . In fact, digital transformation becomes itself a source of relationships and spatial interdependencies (regional, national, and multi-national) able to promote sustainability-oriented innovation to satisfy the real needs emerging from social interconnections, assigning value to local socioeconomic contexts and entrepreneurship, and triggering changes in the business models of manufacturing large enterprises and SMEs [4, 13] .
The Triple Helix of innovation assumes that knowledge-based development is generated by the synergic interactions between three equal and independent institutional spheres (i.e., innovation actors)-university, industry and government-that while getting closer overlap by taking the role of the other in some regards, i.e., university acting as entrepreneurial agents, industry sharing knowledge, government taking the role of venture capitalist [24] . Thus, each helix experiences ongoing transformations internally because of environmental dynamics, and at the same time is also called to interact with the other two helices in order to find various degrees of mutual adjustment [24] . Over the years, the original model has been enriched [30] in particular with the development of the "Sustainability Twin-Helix model" that balances development and sustainability [31, 32] .
The concept of sustainability has always been closely connected to the development concept according to the recommendations of the Brundtland report [73] . In this vein, Elkington [11] proposed the Triple Bottom Line to define the sustainability according to a holistic perspective. This view considers, not only the economic dimension, but decomposes sustainability into three interdependent dimensions, namely economic prosperity, social justice, and environmental quality. Thus, all these three dimensions are able to determine development conditions by interacting with each other.
Consequently, full realization of the sustainability objective can be achieved only by jointly taking into account all the three sustainability dimensions. In this regard, some management scholars (i.e., [33] ) have integrated the aforementioned Elkington's Triple Bottom line with the Triple Helix model according to a systemic perspective. In this view emerges that the three sustainability dimensions, by interacting with each other, are able to determine changes within and among the three spheres of innovation. Thus, the relevance of multiple factors able to influence the interactions within and among the above-mentioned innovation actors and their potential changes over time emerges clearly. In this regard, it is particularly important to consider the different conditions of specific socioeconomic contexts (i.e., regions and countries), the interlinked absorptive capacity of innovation actors [40] , and consequently their path dependence [41] .
However, only a few studies on sustainability in the context of Industry 4.0 have taken into account all three sustainability dimensions [7] . Most academic studies have addressed the three dimensions of sustainability separately without considering their mutual relations [5] , therefore generating the lack of a holistic view of sustainability, and then, of interlinked phenomena such as digital transformation where the role of university is yet to be discovered.
Thus, to understand how effective technology transfer from university to industry takes place, it is necessary to holistically capture the influences able to favour (or limit) a synergistic interaction at multiple levels within and among the above-mentioned innovation actors as well as its variations over time.
In order to do so, the co-evolutionary approach seems to perfectly achieve this goal in that it allows joint consideration of the dynamic of the possible interdependencies and interactions between the external and internal factors that at different levels of the organisation can generate effective (or ineffective) practices of university TT.
The co-evolution concept-whose roots lie in Darwinian biological assumptions [74] -has been adopted originally in biology to point out the strength of natural selection in determining reciprocal evolutionary change of interacting species [68] . Over the years, this concept has been considered as one of the key concept of Generalized Darwinism and has been widely used to explain the dynamics of the organisation-environment competitive (or cooperative) relationship. This concept has received constant and broad attention in management studies (e.g., [15, 41, 43, 44, [75] [76] [77] [78] [79] ), showing its effectiveness also in the interpretation of phenomena such as innovation and sustainability (e.g., [16, 42, 80] ).
Recently, the co-evolutionary framework has been adopted in the emerging field of research of the evolutionary economic geography (EEG) literature to better understand the processes and mechanisms through which the spatial economy transforms itself over time [17] . Co-evolutionary concept helps EEG to explain dynamic processes at different spatial levels (i.e., micro, meso, and macro) highlighting the relevance of local contexts in co-evolutionary dynamics and their interlinked processes such as innovation (e.g., [16] ). Why does a phenomenon generate different results in different local contexts? What mechanisms and processes have allowed these different results? These are key issues that in practical terms can be addressed through the EEG lens.
According to a widely shared definition, co-evolution is "the joint outcome of managerial intentionality, environment, and institutional effects" [76] (p. 526). Thus, co-evolution between an organisation's strategic intentionality and the institutional/environmental pressures [81] allows to reconsider organisational adaptation mechanisms [44] . The central aspect is that neither of these two forces is able, by itself, to define organisational adaptation, but both are necessary. This new view of the organisational adaptation draws on the dialectical assumptions by Benson [82] , Hrebiniak and Joyce [83] and Weick [84] for which the adaptation is substantially defined by interdependencies and interactions between organisations' competitive power and environmental pressures that change dynamically over time. Co-evolution implies that organisation's strategic intentionality results from the interactions that take place at different organisational levels of a complex social organisation. Therefore, the organisation is not only an object, but also a subject of evolutionary change [79] , and then, all the actors involved are called to adapt effectively, in a proactive search for solutions to common problems [85] .
As a matter of fact, co-evolution is multi-level, allowing joint consideration of the dynamics of the interdependencies from the micro to the macro level of a complex social organisation as well as the interactions, influences, and connections of these levels with the economic and social change [68, 76] . This means that it takes place not only among different organisations but also within the organisation itself. Consequently, co-evolution can be seen as the joint evolution at multiple levels of organisational practices. This idea of organisational practices is the result of co-evolutionary process, based on the variation selection and retention of useful variants. Thus, the importance of organisational adaptation at multiple levels (micro, meso, macro) within the same organisation emerges, shifting the focus between individual and group behaviours [15, 18] .
Evidence from the literature on TT allows us to identify individuals, groups, and structures involved in university TT, such as: scientists, technology transfer officers [55] , departments [38] , technology transfer offices, scientific parks, incubators [55] , university governance [60] . In a co-evolutionary view, it is possible to identify three levels of analysis and the dynamics of the interdependences within and among them. Starting from the bottom of the university hierarchy linked to TT, these levels are: (i) the micro level, which refers to university departments where academic research is carried out through the interactions between different actors (e.g., scientists, researchers, PhD fellows and students, administrative personnel); (ii) the meso level, regarding TTOUs (e.g., TTOs, incubators, scientific parks), promotes TT processes through various services (e.g., business plan competitions) [70] acting as intermediaries between university and industry; (iii) the macro level refers to university governance responsible for the policies at the basis of favourable framework conditions designed to legitimize and foster TT. This co-evolutionary perspective can be used to reinterpret the relationships among the aforementioned levels to better understand how their interdependencies and mutual influences determine changes in the organisational practices, with effects on the organisation's evolution [76, 86] . In this regard, two relevant aspects emerge. Firstly, the meso level includes key actors (TTOUs) for connecting the micro-with the macro level, and university with the supra-system of economy and society, increasing interdependences and positive externalities in order to realize sustainability-oriented innovations that require effective co-evolutionary adaptations at multiple levels [17, [41] [42] [43] . This means that co-evolution at multiple levels within a university is influenced by the co-evolutionary dynamics that take place over time between and within industry and government (and vice versa) [41, 87] . Of course, the creation and development of TTOUs (meso level) depend on the strategic choice of the university governance/macro level (i.e., organisation's strategic intentionality) based on the awareness of the institutional value of its third mission in promoting sustainability especially in relation to digital transformation. Thus, the strategic intentionality of university governance is the enabling condition of TT processes, influencing individual and group behaviours at all the abovementioned levels [88] . In fact, starting from this condition it is possible to activate choices and behaviours aimed at stimulating processes of entrepreneurial competencies and skills development at the micro level, also through specialised organisational units (TTOUs). Secondly, the systemic approach is a basic condition for consolidating or renewing skills and competencies [17, 68, 89, 90] . Thus, only the university that has a systemic organisation (to be monitored over time) will be able to effectively adapt to environmental changes, generating sustainability-oriented innovative USOs and USUs. These will positively affect the industry sphere and then the sphere of government, generating well-being for the local and national systems and-according to the evolutionary virtuous circle-on the single sphere of university as well.
In accordance with the above and for the purposes of this work, we propose a co-evolutionary framework that interprets the creation of sustainability-oriented innovative USOs and USUs as the result of virtuous co-evolutionary adaptations at multiple levels within a university, and among university, industry and government. Figure 1 graphically shows the interpretive framework that is proposed and adopted in this work.
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Consequently, in a co-evolutionary view, departments, TTOUs and university governance are called to adapt one to the other over time, renewing themselves, and co-evolving within the wider In their evolution, departments, TTOUs and university governance co-evolve as they are interdependent with mutual influences, and each one supports the others. This interdependence and mutual functionality requires organisational adaptation that develops according to an evolutionary circular relationship with reciprocal feedback mechanisms and a dialectical nature [79, 82, 83] . Thus, the effects of this relationship are largely influenced by the absorptivity capacity and the ability to change of these entities, and then to their path dependence (and related routines). In fact, on the one hand, TTOUs generate pressure through the dynamics linked both to the commercialisation of university research and related revenues for universities, and to the evaluation of third mission activities in relation to the whole university system. On the other hand, university's policies and structures do not always adequately support TTOUs in terms of resources and incentives allocation, and high-quality support services [70, 91] . Moreover, departments are not always inclined to support TTOUs because of some issues related to the individuals involved, such as: (i) their lack of entrepreneurial competencies and experience to develop business ideas [38, 71, 92] ; (ii) their temporary commitment within departments [71] ; (iii) their low propensity to make any changes in the traditional academic career track engaging entrepreneurial behaviour [91, 93] .
Consequently, in a co-evolutionary view, departments, TTOUs and university governance are called to adapt one to the other over time, renewing themselves, and co-evolving within the wider socioeconomic system of the university.
Substantially, the proposed framework jointly considers-in a holistic view-the possible interdependencies and mutual influences between the external (i.e., environmental/institutional or industrial) and internal factors (i.e., academic-specific) that at different organisational levels of a university could generate appropriate practices of technology transfer. In this framework, the entrepreneurial inclination of a university is the organisational result of interactive dynamics activated by individuals and groups behaviours involved at micro-(departments), meso-(TTOUs) and macro-(university governance) levels.
Consequently, as shown in Figure 1 , there is an important relationship between systemic organisation and organisational adaptation concepts, from which it is possible to derive three main determinants that this study proposes as mechanisms of effective multi-level co-evolutionary adaptations capable of promoting appropriate practices of TT over time, i.e., able to create sustainability-oriented innovative USOs and USUs, with positive effects for industry. In fact, following a co-evolutionary approach, these determinants of effective organisational adaptation, by activating processes of variation, selection and retention of useful choices, behaviours and interactions, can generate synergies that involved multiple actors within and outside university [15, 18] .
The determinants are: (i) systemic approach; (ii) entrepreneurial spirit; (iii) market orientation including future vision. Their main contents are discussed below.
Systemic approach refers to the ability to organise and manage in an integrated and dynamic way [89, 90] multiple levels [17] , fostering inter-organisational transfer of knowledge and capabilities [94] , and multi-stakeholder decision making processes [95] . On this basis, it is possible to offer shared solutions to common problems consistent with values emerging from the evolution of the social system, such as sustainability [12, 96, 97] . As such, this is a basic condition to foster competitive interdisciplinary working [39] and strengthen entrepreneurial competencies able to increase the likelihood of sustainability-oriented commercial outputs from academic research projects [33] .
Entrepreneurial spirit is conceived as the ability to take risks and the connected responsibilities [51, 98] by combining in creative ways the resources and needs of local communities and seizing opportunities from contexts in evolution [99] . This reveals other important skills such as, problem solving, critical thinking, emotional intelligence (e.g., [38, 50, 100] ).
Finally, market orientation including future vision refers to the ability to develop market-related knowledge capable of transforming scientific findings into viable products and services in line with emerging technological trends [4, 56, 93] and with a vision of a sustainable future [7] .
In conclusion, within a university a relationship of mutual functionality among departments, TTOUs, and university governance emerges. This relationship is variable over time, necessarily co-evolutionary and sometimes contradictory (i.e., dialectic). This suggests that, to ensure the creation of sustainability-oriented innovative USOs and USUs, effective, ongoing, and co-evolutionary adaptations among multiple actors at different levels are needed within a university and among university, industry and government. In fact, the university is not isolated from the socioeconomic context but it is a co-evolutionary component of this system, and then in a functional relationship with industry and government (at regional and national levels), influencing (positively or not) innovation processes.
Methodology
In line with the proposed interpretive framework and in order to reach the research aims, this study relies on a longitudinal case study analysis following a qualitative approach and a single-case analysis [101, 102] . This is a useful method for in-depth research exploration of complex phenomenon in evolution within its real-life context [102] when it is necessary to understand complex causal determinants of changes in the relationships between the actors involved, rather than to make wide generalisations [103] . According to the research suggestions for the methodological fit of Edmondson and McManus [104] , this method is particularly suitable for studying organisations according to a co-evolutionary approach (e.g., [43, 44, 68, 76, 77] . In fact, it allows us to analyse the organisation-environment relationship in its real context, from a holistic perspective, and in compliance with time limits [79] . Moreover, the longitudinal nature of this study enables documenting the development of multi-level interactions over an extended period of time. This is fundamental to understanding those processes [105, 106] that take time to produce their effects, and then, to be observed.
The selection of the case-i.e., the "National Innovation Award" (PNI)-was driven by the aim to find a representative case [107] in Italy of university TT that results from the dynamics of the interactions at multiple levels within the sphere of university-and their variation over time-aimed at fostering local development through the creation of USOs and USUs. In fact: (i) it is a business plan competition established in 2003 and promoted by the "Italian Association of University Incubators and Local Business Plan Competition" (PNICube) that involves within a university all the three identified levels; (ii) it represents "the leading competition for innovative business projects coming from academic teams of the Italian universities" [108] (p. 559) in the fields of ICT, life science, industrial technologies, Cleanteach and energy; (iii) it has gone through two temporal phases starting from its inception in 2003 to the 2018 edition (i.e., start-up and development of the PNI); (iv) it is organised at regional and national levels. The unit of analysis are is the individual organization.
To investigate this case, the research has gone through three main steps: firstly, competitions held at regional and national levels were identified; secondly, data were gathered and analysed; thirdly, information was interpreted.
This first step of the research highlights that the competitions held at a regional level-the so-called "Start Cup"-are initiatives jointly promoted and organised by universities, public research organisations, economic and institutional actors of the territories (e.g., firms, banks, venture capitalists, local institutions) where universities are rooted. These competitions are open to scientists, researchers, PhD fellows and students that belong to those universities that promote and organise the initiative locally, and are organised into three main phases: (1) selection on the part of a panel of experts from academic, industrial, financial, and public sectors of the business ideas submitted to the competition; (2) training and mentoring activities designed to enable the selected contestant teams in writing eligible business plans; (3) business plan pitch and winners selection. The competition held at national level takes place among the finalists of all the regional Start Cups. At both levels (regional and national), a panel of experts from academic, industrial, financial, and public sectors, grant monetary and non-monetary awards to the three most innovative business ideas that have been turned into eligible business plans in one of the above-mentioned four specific sectors.
In order to identify the number of competitions held at regional level, the total number of business ideas submitted at this same level, the number of business plans admitted to the national level of the PNI, and their transformation into USOs and USUs, the following documentation has been taken into consideration: (i) PNICube internal reports from 2010 to 2017 on the regional start cups (i.e., number of start cups held at the regional level; number of business ideas submitted to all the start cups; number of eligible business plans); (ii) NetVal annual data from 2010 to 2017 on the national phase of the PNI (i.e., number of finalists; number of business plans turned into USOs and USUs). On the basis of available data, it was possible to identify regional and national levels of the PNI held from 2010 to 2017 (Table 3) , and regional and national levels of the PNI grouped according to the Italian regional contexts from 2014 to September 2017 (Table 4) . Referring to regional and national levels of the PNI held from 2010 to 2017, a total of 8079 business ideas were submitted at the regional level of the competition and 43% of them were turned into business plans. Over the same period of time, 12% of those business plans were selected and admitted to the national phase of the PNI. Overall, a total of 111 USOs and 91 USUs were created within the PNI framework. Regarding, regional and national levels of the PNI grouped according to the Italian regional contexts from 2014 to September 2017, regional Start Cups held in northern Italy generated the highest number of PNI national finalists as well as the highest transformation rate of business plans into USOs (23%) and USUs (10%), followed by central Italy (transformation rate of 22% into USOs, and 4% into USUs), southern Italy and the Islands (transformation rate of 6% into USUs).
Data collection followed Yin [102] , and was obtained through: (i) direct examinations of the regional and national phases of the PNI (one of the two authors of this paper held a seat in the Board of Directors of the PNICube and is the Coordinator of the Start Cup held in the Lazio Region; the other author is one of the mentors that guide contestants through the phases of the Start Cup competition held in the Lazio Region); (ii) expert interviews [109] with the Directors of the PNICube Board. Interviews have been structured in two parts, one aimed at collecting general information about the interviewee (e.g., name; academic role; name, dimension and localisation of the interviewee's university), the other on the following main themes:
• university entrepreneurial mission (third mission); • skills, competencies and values held at multiple levels (department/micro, TTOUs/meso, university governance/macro); • organisational structure (including routines) and management of TT activities and related • structures (TTOUs) • orientation towards sustainability and the future held at different levels by the actors involved; • relationships with other actors within and outside each level of analysis (department, TTOUs, university governance);
• problems detected, solutions proposed and synergies in the two temporal phases of the PNI (start-up and development).
Moreover, courtroom questioning and event tracking interview techniques have been adopted [108] in order respectively to emphasize facts and events by avoiding questions that yield inaccurate answers, and to put the informant back in the time frame of the events, and thus, enabling a chronology of those events.
All data collected from the above sources have been analysed focusing on individual and group behaviours, organisational units, interdependences and interactions at different levels within universities in order to identify the synergies achieved and their main determinants. As explained in the proposed framework, these determinants (i.e., mechanisms) of effective organisational adaptation activate processes of variation, selection and retention of useful organisational practices, and can generate synergies that involve multiple actors within and outside university [15, 18] .
In this respect, in-depth analysis of data, through a cross-interview analysis [110] , highlighted four main aspects: (1) the changes, over time, in the relationship among all the actors involved at different levels within universities; (2) their effects on the co-evolution dynamics of organisational practices; (3) the consequences in terms of TT processes; and (4) the corresponding creation of sustainability-oriented innovative USOs and USUs.
In order to strengthen confidence and validity in the accuracy of the findings [111] , these results were triangulated with information collected from PNICube web page (e.g., press releases; some proposals dated November 2016 to strengthen industrial policy in order to support the innovation ecosystem and the innovative start-up chain); NetVal web page (surveys; documents on training courses focused on Industry 4.0 and aimed at TTOs professionals and researchers); documents on the phenomenon attributable to the Ministry of Education, Universities and Research and of the Ministry of Economic Development; publications in economic and political newspapers (e.g., Il Sole 24 Ore, Milano Finanza, Il Denaro.it; Il Corriere della Sera), and scientific articles. This various information supports the findings in relation to the dynamics of the interactions that take place among all the levels involved in TT and related skills; the management characteristics and policies supporting the phenomenon; to the growing relevance of the TT within specific contexts (local and national).
Findings
The case study has been analysed, highlighting the synergies achieved at different and interdependent organisational levels of universities and the main determinants of co-evolutionary adaptations that made them possible, i.e., systemic approach, entrepreneurial spirit, market orientation explained in the proposed theoretical framework. These determinants (i.e., mechanisms of effective organisational adaptation) and their synergic effects are reported according to the two temporal phases of the phenomenon under observation.
Phase 1: Start-Up of the PNI

Systemic Approach
Findings show that the PNI-business plan competition was established in 2003 on the basis of a strategic choice of the Association of University Incubators aimed at promoting university entrepreneurship with the support of the Ministry for Productive Activities (currently named Ministry of Economic Development). In this phase, few universities decide to promote and organise their regional business plan competitions. In fact, the first edition of the PNI in 2003 was promoted by universities located in just five Italian regions (i.e., Emilia Romagna, Friuli Venezia Giulia, Lombardy, Piedmont, and Veneto) out of a total of 20 regions. This is not surprising as most Italian universities started defining formal policies as well as devoting human resources to design and develop specialized TTOUs at the same time of the PNI inception. In this respect, this five regional Start Cups are good example of cooperative relationships among universities, local institutions and firms on the basis of common interests and values. In fact, on the one hand, the governance of universities involved in this first phase is aware of the role that innovative business ideas based on research results can play to tackle emerging problems faced by local and national firms. On the other hand, those institutions and firms that recognise the importance of exploiting research findings for the competitiveness of local and national contexts take part to the promotion and organisations of these first initiatives.
Thus, the strategic choice to participate to the PNI on the part of universities results influenced by two main factors: the institutionalisation of the third mission of universities (i.e., external factor) and the awareness on the part of universities involved of its role in contributing to socioeconomic development at local and national levels, and then to the interlinked innovation processes (i.e., internal factor). Accordingly, the capacity of the governance of these universities to interpret contexts in evolution emerges as a basic condition to stimulate the dynamic of the interactions among all the other actors involved in the business plan competition (and then in university TT), within the university and among the university and the actors of local and national systems.
However, especially in this first phase, even if university governance recognises the opportunities for integrating the PNI related-activities into its current third mission by jointly organising various activities (e.g., awards, practices connected to the regional Start Cups), interactions within departments and among departments and TTOUs can take place in a climate of scepticism shown by researchers and administrative personnel as well. This shed light on individual/group behaviours and practices that are still not aligned to the aims of the initiative, and then on the lack of proper skills, competencies, and processes of organisational units devoted to TT. These internal factors limit the favourable integration at multiple levels, not only within universities but also among universities and the actors from local and national systems.
Entrepreneurial Spirit
Evidence show that professors and researchers are stimulated by the PNI to submit innovative business ideas capable of being transformed into research-based firms. In the first edition of the PNI in 2003, a total of 14 business plans elaborated within the five competitions held at regional level has been admitted to the final phase of the award and afterwards two of them have been turned into USOs. Particularly in this first phase, the entrepreneurial spirit of professors and researchers is mainly encouraged by the commitment of the university governance to transfer technology, ways of doing things deeply rooted in the university's culture, the eventual support of some colleagues rather than new practices. In fact, according to the interviews, this phase is still characterized by routines that limit the valorisation of the interdisciplinary character of university TT. On the one hand, professors and researchers usually lack entrepreneurial skills and competencies that are eventually learned but only gradually; on the other hand, TTOUs are not always capable of building effective network of relationships within the university and with public institutions, banks, investors, and other research organisations that can favour knowledge sharing among all the actors involved as well as support in terms of infrastructures, financial resources and complementary technologies. This results in few practices aimed at the formation of multidisciplinary teams that would help professors and researchers to combine their strong knowledge of technology with the ability to identify market opportunities in relation to the dynamics of demand for innovation and according to the values emerging from the technological development. Moreover, this sheds light on the importance of local contexts. All the five regional Start Cups of this first phase are held in northern Italian regions that are characterised by similar factors-such as institutional environment favourable to innovation; propitious economic and social conditions-that play a crucial role in determining the absorption capacity on the part of local contexts of the university's innovation potential, and thus in stimulating the entrepreneurial spirit of professors and researchers involved in the initiatives.
Market Orientation
Findings show that the PNI stimulate all the organisational levels within universities to better understand the market trends and the new values on which development is based by facilitating the creation of network of relationships at local and national level and defining specific admission requirements. In particular, contestant teams are called to submit their business idea emphasizing some relevant aspects, such as: the originality of the idea, its technological content and related technical feasibility, its potential in terms of sustainability promotion, its market potential and value for investors. Accordingly, the transfer of sustainable technologies with practical application to the market research require new practices that might not be in place in this first phase. Particularly in this first phase, the capacity on the part of the universities to promote entrepreneurship and innovation providing the local community with high technology products and services according to sustainability requirements is mainly influenced by the strategic choice of university governance to link the university third mission to sustainable development.
To sum up these first regional Start Cups can be considered as a good example of how the strategic intentionality of the university governance plays a crucial role in stimulating choices, interactions, behaviours of all individuals and groups involved within universities as well as interactions with external actors on the basis of a common awareness of the value of university TT, shared interests, and values.
Findings clearly show that the effectiveness of this strategic intentionality depends primarily on the ability of university governance to interpret the influences deriving from the interdependencies between academic-specific factors (i.e., resources, skills, competences, values), and external factors (i.e., policies, firms' and community needs). Particularly, the ability to adapt and change of all the actors involved emerges as a key aspect of a synergic interaction able to dynamically define organisational practices in support of innovation processes within a socioeconomic context, which aims to sustainably meet demand for innovation.
Phase 2: Development of the PNI
Systemic Approach
Evidence shows that since the PNI inception in 2003, competitions held at regional level have gradually increased from five to a maximum of 18 in 2015 and the total number of business ideas submitted at this level has exceeded 1000 units on a yearly basis since 2013. Moreover, according to latest available data [69], a total number of 700 business plans were admitted to the national level of the PNI from 2003 to 2016, and their transformation rate into USOs is 27%, and into USUs is 13%.
Findings highlight that this trend signals a growth both in quantitative and qualitative terms. In particular, from the qualitative point of view, the awareness of the value of TT on the part of the university governance emerges increased, giving rise to a strengthened of the strategic intentionality. This results in new practices to spur entrepreneurship throughout various departments, including those specialised in basis research, and engage with local and national networks. Particularly, this development phase shows that new activities have been put in place such as the design of graduate courses related to TT and entrepreneurship as well as specific lectures within PhD courses that, however, are still not adequately structured (particularly in terms of faculties and departments involved, and adequate number of hours). Moreover, practices emerged in the first phase are progressively consolidated through to the development of specific skills and competencies of TTOUs' technical and professional staff (e.g., networking skills, problem solving, critical thinking) for effectively connecting individuals and groups at multiple levels within university and with local firms and institutions. This is a good example of joint consideration of the interdependencies at multiple levels within universities and among universities and all the other actors involved. However, notwithstanding these practices, findings show that also in this development phase some limits still emerge in relation, for example, to the ability on the part of TTOUs in coordinating resources and activities together with local and national actors or speeding up procedures to set up USOs and USUs. The first problem can be partly solved through the support of the PNI that, over the years, has established many cooperative relationships with national and international institutional bodies, venture capitalists (also corporate), banks, firms that invest according to the open innovation concept. Moreover, also the digital platform recently provided by the PNICube to promote most of the business ideas among investors can contribute to solve this problem. Furthermore, recent institutional arrangements contribute to the resolution of the problems linked to the set-up of USUs. In fact, differently from USOs, those USUs that are qualified for inclusion in the special section of the Business Register, become eligible for multiple incentives, including financial, monetary, and fiscal benefits as well as bureaucratic and legal simplifications.
Entrepreneurial Spirit
Over the years, universities involved in the PNI have progressively consolidated practices to support professors and researchers in their entrepreneurial activities, also through their first two traditional missions. Notwithstanding their limits, these new activities are considered by those interviewed as valuable because they allow the involvement in the PNI of PhD fellows and students that are more aware of the entrepreneurial opportunities connected to university TT. As a result of these interactions and connected adaptations, professors and researchers in a traditional academic career track are stimulated (and helped) to present innovative ideas that are more oriented to the market. In this respect, findings show that students participation to the initiative has grown over the years (on average 25% of contestant teams admitted to the competition held at national level includes students).
However, some specific aspects of scientific business plan development still negatively affect the entrepreneurial spirit of professors and researchers. Particularly, this aspects regard: (i) time and costs caused by scientific experimentation; (ii) competitors analysis including the current state of their scientific projects; (iii) the dynamics that can favour the commercialisation of scientific projects before the end of their laboratory phases, and then limit the creation of research-based firms. The interviews show that university incubation activities could help to solve these problems while they may not be particularly necessary for those projects (e.g., ICT projects related to some apps) that are normally characterised by a short time-to-market.
Moreover, findings confirm-as well as in the start-up phase-a diverse capacity on the part of different regional contexts in terms of absorption capacity of the university's innovation potential, and thus in stimulating the entrepreneurial spirit of professors, researchers, PhD fellows and student. In this respect, it is worth noting the creation of USOs and USUs is often slowed down by some context factors and conditions, such as availability of financial resources, lack of support infrastructure, bureaucratic procedures that make difficult bring innovation to market.
Market Orientation
Evidence show that the dynamic of the interactions activated through the PNI within universities and among universities and all the other actors involved at local and national levels has favoured innovation processes through the formation of sustainability-oriented innovative USOs and USUs. In this respect, over the years the PNI has increased the practices aimed at directing business ideas towards sustainability as well as the emerging trends of Industry 4.0. Evidence of this are: (i) two special awards granted at regional and national levels since 2014 and 2015 respectively to the best business plan in terms of social innovation and equal opportunity for female entrepreneurship (in collaboration with the Italian Department for Equal Opportunities); (ii) criteria recently adopted by most Regional Start Cups to select and award business ideas in relation to their content in terms of digital transformation; (iii) themes that the PNI has defined since 2016 ("Towards Industry 4.0" in 2018, "Connecting to the future" in 2017, and "Shaping the future" in 2016) and related awards. Of course, also specific initiatives put in place by universities play a crucial role in this phase, such as those aimed at creating direct links between their third mission and Sustainable Development Goals.
Referring to sustainability, universities involved in the PNI show a growing awareness of the beneficial effects of innovative ideas that devote attention to sustainability issues. In this respect: (i) the total number of business ideas related to the Cleantech and energy sector are rapidly increasing (32% out of a total of 1074 business ideas submitted at regional levels in 2017; 17% in 2015); (ii) socially innovative business ideas and female entrepreneur initiatives have been received particular attention both at national and regional levels since 2014 and 2015 respectively. A good example of highly technological research projects that positively affect the economic, environmental and social sustainability dimensions is "SPlastica", the innovative business idea that has won the 2018 edition of Start Cup Lazio and has been admitted to the national phase of the competition. It concerns a technology for the production of bioplastic that currently counts for 1% out of the total plastic produced in Europe. In particular, the object of this business idea is the production of new 100% biodegradable plastic materials based on natural polymers made from surpluses of no longer edible milk and potatoes, and characterized by wide applicability, relatively low price and high performance in terms of hardness and thermal stability. Not to mention the growing number of research projects that promote sustainable development by integrating new digital technologies. Examples of this are two business projects turned into innovative USUs-namely, re3Cube and Cubbit-that in 2016 won awards respectively in the ICT and Cleantech and Energy sectors of the PNI. In particular, re3Cube provides an Internet of Things system that, activated by simply connecting it to the electrical socket, daily compacts and sterilizes infected wastes, reducing their volume by 90%, and transforming them into a non-dangerous fuel comparable to urban waste. As such, this system lowers corporate waste management costs as well as those costs borne by the community, and reduces the environmental impact of infected wastes. Also, Cubbit provides a technology based on an application of Internet of Things that allows one to create a peer-to-peer network to spread, store and process data, offering unlimited and free cloud storage. In particular, on the one hand, this technology enables every connected device to contribute to the growth of the network; on the other hand, each user obtains a service that is safer and with higher performance and a more positive environmental impact compared to traditional cloud standards. These are examples that should not be neglected, also in relation to the dynamics of the interactions across sectors in the context of Industry 4.0.
Regarding Industry 4.0, findings highlight that a growing number of business ideas have integrated digital and virtual technologies from the last three years. In this respect, the business project "OCORE" is a patent technology that aims at innovating the traditional boat building sector by making use of a 3D printing and robotic technology for the production of big scale components from the design phase to the semi-finished product. OCORE won the 2017 edition of the PNI, and has been turned into USU in 2018. Particularly, the benefits of this technology are linked to the value created through the digitization of processes that allow: increased simplification and flexibility, reduced costs and lower material inputs, interconnection of distributed and decentralised supply chain networks, faster reaction to demand. This helps to overcome problems of traditional boat building and results in new sustainable materials and products that are highly optimized. In addition, it reduces cost of entry into other sectors (e.g., automotive) that requires prototyping with similar mechanic characteristics highlighting how new technologies can lower barriers between inventors and markets. Thus, overall the adoption of this new technology in the traditional boat manufacturing process has positive effects in terms of economic returns while reducing negative environmental impacts. Another example is "SIXXI", an innovative business idea awarded as the best female entrepreneurship initiative in the 2017 edition of the PNI-that has been turned into an USO (SIXXI Factory). Its aim is to transfer scientific knowledge to the edutainment market by manufacturing construction games on the basis of the combination of new digital technologies with the results of the research project "SIXXI-XX Century Structural Engineering: the Italian contribution". To this end, an industrial and technological research agreement with a firm operating in the production line of 3D printers has been made, and some partnership with cultural centres and education institutes started. Particularly, this research-based firm produces a series of 3D scientific construction games of models of "Made in Italy" engineering, architecture and design works that are sold "on demand" or self-produced by end-users through home 3D printers. These construction games pursue relevant social objectives by valuing the Italian heritage, involving kids towards STEAM (Science, Technology, Engineering, Arts and Mathematics) education, and stimulating their manual skills and self-production mechanisms. This is a good example of product-oriented innovation that create values for customers. Moreover, also the production model brings positive social implication in relation to the involvement of highly trained technical and scientific staff, both in the design and production of the games and their demonstration at educational laboratories.
Thus, what emerges is the circular evolutionary relationship between the PNI and the trends of Industry 4.0 and sustainability. In fact, the abovementioned examples of USOs and USUs show how the dynamic integration of research results with new technologies can bring benefits through innovative products and processes not only in terms of increased productivity and efficiency of production processes, but also in relation to the efficient and effective use of resources and materials, and the pursuit of social and cultural goals. In this respect, sustainability-oriented innovative USOs and USUs can be seen as good examples of how is possible to improve the productivity and competitiveness of local and national firms-and then of local and national contexts-through practical applications of digital and virtual technologies. However, this implies the awareness of the existence of a relationship of mutual functionality and interactions not only between the organisational levels of universities, but also among universities, firms, and institutions. This relationship is variable over time, necessarily co-evolutionary and sometimes contradictory. Findings show that even if local firms could benefit from the results of these research-based firms in times of new technological trends, however most of them: (i) are still not completely aware of the implications and opportunities linked to the practical application of the results of these researches because of the lack of a systemic organisation and management of the relationships between firms and their environment (systemic approach); (ii) do not respond promptly to these new trends because of some limitations linked to the availability of properly trained human resources and adequate financial resources that influence negatively the evolution of organisational practices (e.g., practices that do not stimulate teamwork, joint initiatives and sharing of knowledge), and then their responses to market trends (market orientation); (iii) have scarcely ability to grasp the opportunities that can derive from the dynamic of the interdependence between external (i.e., emergent values from new trends, such as sustainability) and internal factors (i.e., resource, skill and competences, management commitment and leadership) and their positive effects on the evolution of their firms, (entrepreneurial spirit). At the same time, also universities face three main issues. The first refers to the need for a clear regulatory framework regarding USOs in respect, for example, to the ownership of intellectual rights, and the degree of participation of universities in their social capital (entrepreneurial spirit). The second is related to the systemic organisation and management of available resources as well as of multiple relationships with the other actors that can support research-based firms (e.g., venture capitalists) and stimulate the improvement of the organisational practices over time (systemic approach). In order to solve these contradictions, institutional actors could play a crucial role in promoting policies aimed at changing the regulatory framework, as well as at enhancing university-industry linkage. Moreover, some association operating at national level (e.g., NetVal, PNICube, Confindustria) could facilitate cooperative relationships among all the actors involved aimed at complementing abilities and sharing resources. The third issue concerns their attention and orientation to core values emerging from social evolution while seizing the opportunities of the current digital transformation and to holistically consider the possible effects of university TT on sustainable development at regional and national levels (market orientation).
To sum up, what emerges in this second phase is the need for a university that, more open towards regional and national contexts, dialogues with industry in order to strengthen opportunities for mutual cooperation. Evidence show that sustainability-oriented innovative USOs and USUs can play a crucial role in the context of Industry 4.0. However, these research-based firms are still few in number and characterised by an uncertain future. Thus, to foster their further development, it is necessary to tighter the circular evolutionary relationship at multiple levels within universities and among university, industry, and government. This can generate positive effects on the dynamics of interaction among all the actors involved at local and national level, and then on well-being. Figure 2 graphically presents an overview of the main findings achieved in the two sequential and intertwined phases of the analysis. 
Discussion and Implications
This article has analysed university TT adopting a co-evolutionary approach by presenting a possible interpretation of sustainability-oriented innovative USOs and USUs as result of effective coevolutionary multi-level adaptations. The analysis aims to highlight the dynamic of the interactions at different organisational levels involved in university TT as well as the relationship of mutual functionality between university, industry and government. Thus, it shed light on how the university can contribute to orient industry towards sustainability in respect to the trends of the Industry 4.0.
The analysis has been divided into two sequential and intertwined phases, highlighting the synergies achieved at different and interdependent organisational levels of universities and the main 
This article has analysed university TT adopting a co-evolutionary approach by presenting a possible interpretation of sustainability-oriented innovative USOs and USUs as result of effective co-evolutionary multi-level adaptations. The analysis aims to highlight the dynamic of the interactions at different organisational levels involved in university TT as well as the relationship of mutual functionality between university, industry and government. Thus, it shed light on how the university can contribute to orient industry towards sustainability in respect to the trends of the Industry 4.0.
The analysis has been divided into two sequential and intertwined phases, highlighting the synergies achieved at different and interdependent organisational levels of universities and the main determinants of effective adaptation processes that made them possible. In particular, the study has focused on the dynamic of the interdependencies, mutual influences and interactions at different organisational levels of universities involved in TT. Substantially, the results can contribute to better understand how and what changes in the mutual relationships within university and among all the actors involved at regional e national levels (i.e., university, firms, institutions) have influenced the evolutionary dynamic of university TT with effects on industry.
The results of the case study are consistent with the proposed co-evolutionary framework and confirm that the creation of sustainability-oriented innovative USOs and USUs (i.e., effective university TT) may be possible through virtuous co-evolutionary adaptations based on three main determinants: systemic approach, entrepreneurial spirit and market orientation including a future vision. Following a co-evolutionary approach, these determinants (i.e., mechanisms) of effective organisational adaptation activate processes of variation, selection and retention of useful organisational practices, and can generate synergies that involve multiple actors within and outside the university [15, 18] . Before analysing the managerial implications that derive from these determinants, some specific peculiarities of the results achieved are discussed below.
Firstly, the results highlight a circular evolutionary relationship that involves, not only different organisational levels within universities, but also the relationship between universities, firms, and institutions. In fact, a university does not act in isolation but interacts with industry over time, and government in supporting TT processes at regional and national levels [24] . Moreover, the relationship between universities and firms is variable over time and sometimes characterised by contradictions and discontinuity (i.e., dialectical) [79, 82, 83] that can-if not properly managed-adversely affect this relationship. On the one side, university TT is influenced by external (e.g., regulatory framework, emergent values from new trends) and internal (e.g., resources, skill and competences, governance intentionality, management commitment and orientation towards cooperative relationships) factors and conditions that can favour (or limit) the sharing of knowledge, values, culture, and beliefs among professors, researchers, entrepreneurs, and policy makers. On the other side, industry (i.e., local manufacturing firms) are not always able to recognize the value of practical application of scientific knowledge generated and transferred by universities. This for three main reasons: (i) scarce awareness of some new opportunities emerging from contexts in evolution; (ii) availability of human resources with adequate skills and competencies as well as of financial resources whose scarcity is often linked to the small size of these firms; (iii) strategic intentionality of firms and related ability to grasp the interdependence between external and internal factors that influence the evolution of firms. Thus, the relevance of mutual adaptations between university and industry and the critical role played by local and national institutions in enhancing the university-industry linkage emerges. Secondly, the results show that the creation of sustainability-oriented innovative USOs and USUs can contribute to the sustainable development of local and national firms, and then of the contexts in which they are rooted, by integrating research results with Industry 4.0 technologies also in relation to the dynamics of the interactions across sectors in the context of digital transformation. However, sustainability-oriented innovative USOs and USUs are still few in number and characterised by tacit potential with an uncertain future. Thus, to foster the further development of university TT, it is necessary to adapt in proactive way at multiple levels within universities and among university, industry, and government with reciprocal feedback. This can generate positive effects on the dynamics of interaction among all the actors involved at local and national level, and then on well-being. Thirdly, the results show a strong influence of the strategic intentionality of the university governance that acts as the linking pin between the external (i.e., environmental/institutional or industrial) and internal (i.e., academic-specific) factors able to influence university TT [15] . Thus, the strategic intentionality emerges as enabling condition of the creation of sustainability-oriented innovative USOs and USUs. It acts through choices and behaviours that stimulate individuals, groups, and practices of TT involving multiple organisational levels within universities [88] , and influencing the relationship with institutions and firms. Regarding all the individuals and groups of universities involved in TT (e.g., [38, 55, 60] ), three interdependent levels of analysis emerge in this study, i.e., micro/departments, meso/TTOUs, and macro/governance. In particular: (i) university departments where individual and/or group behaviours are based on personal characteristics and organisational practices (in evolution) that, by interacting, stimulate a growing involvement in TT; (ii) TTOUs, that through multiple interactions between individuals and groups, play a critical role in connecting the micro with the macro level and university with the supra-system of economy and society, in order to increase interdependences and positive externalities, especially in terms of contribution on sustainability and innovation; (iii) university governance that, through its strategic intentionality and on the basis of the awareness of the institutional value of its third mission, supports policies in favour of the development of TT practices as well as behaviours that enable individual and group activities (e.g., to promote entrepreneurial spirit, to invest in organisational structures, to adapt methods of resource allocation, to favour the university participation in interorganisational networks). Therefore, the evolutionary dynamic of university TT results from changes that take place on one organisational level (i.e., macro, meso, or micro) and causes variations in the other two levels.
Overall finding show that to ensure the creation of sustainability-oriented innovative USOs and USUs able to integrate research results with Industry 4.0 technologies, effective, ongoing, and co-evolutionary adaptations among multiple actors at different levels are needed within a university and among university, industry and government. Thus, the enhancement of the university-industry linkage is made possible only if these two entities take into account the three identified main determinants of effective reciprocal organisational adaptations. In fact, the university is a co-evolutionary component of the socioeconomic context, and then in a functional relationship with industry and government (at regional and national levels), influencing (positively or not) innovation processes in the context of Industry 4.0.
Theoretical and Managerial Implications
The results achieved in this study, although they are not to be generalised and could be improved, are interesting from a theoretical point of view as well as for policy and decision makers, particularly in the context of Industry 4.0.
Regarding theoretical implications, the study offers a co-evolutionary analysis of university TT that conceptualises the creation of sustainability-oriented innovative USOs and USUs as a result of effective multi-level [35] [36] [37] [38] [39] co-evolutionary adaptations, contributing to the further understanding of the phenomenon. In particular, the study combines the management literature about co-evolution (e.g., [14, 41, 43, 44, 68, [76] [77] [78] [79] ) with some elements from the Triple Helix Model (e.g., [24, 34] ) adding new elements for opening up new research avenues in the management literature about TT and its connected phenomenon such as digital transformation and sustainability. In fact, this approach-that to the authors' knowledge, is still not adopted in the management studies on this topic-allows us to consider contemporaneously the possible interdependencies between the external and internal factors (at the micro, meso and macro levels) able to influence the university TT and, therefore, to identify the main determinants of effective organisational adaptations within the single sphere of the university and between universities, industry and government. This implies mutually effective adaptations of organisational practices within universities over time.
This study confirms that effective university TT can contribute incisively to foster competitive interdisciplinary working [39] and disseminate an entrepreneurial culture within a university with effects in orienting industry towards more sustainability. This effectiveness implies virtuous multi-level co-evolutionary adaptations within the single sphere of university, and then, among this sphere and local and national innovation actors, namely industry and government [24, 47] .
The managerial implications are discussed below taking into account the three identified determinants of effective co-evolutionary adaptations at multiple levels within universities and among universities and all the other actors involved. Therefore, these implications concern the university as well as its effective reciprocal adaptation with industry. Firstly, the need to grasp the opportunities for integrating Industry 4.0 technologies and research results to orient industry towards sustainability that implies effective multi-level organisational adaptation. Thus, it is necessary to organise and manage in an integrated and dynamic way multiple relationships of mutual functionality at different interdependent levels (i.e., macro, meso, micro) within and outside universities, as a prerequisite for fostering interorganisational transfer of knowledge and capabilities with positive effects in terms of regional socioeconomic growth and competitiveness (systemic approach). Secondly, the need to understand and manage competitive interdisciplinary working in order to favour the appropriate integration of Industry 4.0 technologies and research results, and then the creation of USOs and USUs oriented towards sustainability; i.e., combining resources and needs of local communities. This requires the development of appropriate skills and competencies as well as the renewal of organisational practices with responsibility and creativity (entrepreneurial spirit). Thirdly, the need to select Industry 4.0 technologies that are coherent with core values emerging from social evolution in order to develop market-related knowledge capable of transforming scientific findings into products and services more focused on the users' needs as well as on product personalization (market orientation including future vision).
These managerial implications require to be carefully considered by governance of the university sphere as well as by entrepreneur of industry-and policy makers of the government-spheres to define dynamically priorities, orient strategies, allocate resources, as well as resolve contradictions with beneficial effects for sustainable development in the context of Industry 4.0.
Conclusions
This article is an attempt to understand the contribute of the university with respect to the trends of Industry 4.0 by proposing a co-evolutionary analysis of the technology transfer from the university to industry and analysing the case of the National Innovation Award. To date, the role played by the university in respect to these trends is still neglected while there are calls to analyse more deeply the single innovation actors (i.e., university, industry and government) and "the way they influence the interaction dynamics" with effects on innovation also through effective TT processes [34] (p. 242) by adopting a multi-level analysis [35] [36] [37] [38] [39] . This article argues that a better understanding of the overall dynamics of the university TT can shed light on the relationship of mutual functionality between university and industry and on how this relationship can promote sustainable development by combining research results with Industry 4.0 technologies. The issue of sustainability in the context of Industry 4.0 is receiving increasing attention from researchers and practitioners. However, only a few studies on sustainability in these context have taken into account all three sustainability dimensions [8] . Most academic studies have addressed the three dimensions of sustainability separately without considering their relationships [5] , therefore generating the lack of a holistic view of sustainability, and then, of interlinked phenomena such as the exploitation of digital technologies. However, the synergic interaction between university and industry depends not only on their capacity of reciprocal effective adaptation over time, but also on the ability that each of these spheres has to adapt proactively to social and environmental developments in which digital transformation plays a critical role. The analysis attempts to shed light on the dynamic of the relationship of mutual functionality between university and industry, and thus on how the university can contribute to orient the industry towards sustainability in respect to the trends of the Industry 4.0.
The main limitations of this study are twofold. Firstly, it analyses a business plan competition that-even if the leading one in Italy-is one of the possible instruments to promote university TT. Secondly, the research is focused on a specific national socioeconomic system. Consequently, future investigations may be extended to: (i) other activities able to promote TT at regional and national levels; (ii) other specific socioeconomic systems at an international level by assessing possible evolutions and comparing their positive effects in those contexts.
Finally, future researches could validate the three identified main determinants capable of promoting virtuous co-evolutionary adaptations at multiple levels within the other two spheres of innovation (i.e., industry and government), even to the further understanding of the evolutionary circular relationship among them, and then on innovation processes in the context of Industry 4.0. In this respect, a promising and relevant area of extension of the investigation regards social responsibility as a constitutive component of the systemic approach by taking into account possible behaviours guided by diverging interests in respect to the purposes of university TT. In addition, in order to evaluate deeper the impact that sustainability-oriented innovative USOs and USUs have on industry, a further development of this investigation will have the opportunity to be supported by statistical and quantitative analysis tools (e.g., historical data on performance of USOs and USUs' created in different economic sectors and localised in the different regional contexts) as well as further qualitative evidence-based case studies (e.g., academic team interviews). Furthermore, future researches could contribute to develop a detailed understanding of the distinction between USOs and USUs.
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